Interaction between Smad2 and retinoid signaling  by Festing, Maria H. et al.
duration. (The course was supported by the Teaching Devel-
opment Grant, HKUST).
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Analysis of the in vivo function of the zebrafish fragile
X gene family
Stacey L. Olechowicz, Julie N. Miller, James T. Warren Jr.
Penn State Erie, The Behrend College, Erie, PA, USA
Fragile X Syndrome is the leading cause of inherited mental
retardation in humans. This X-linked disorder results from under-
expression of the Fragile X mental retardation related pro-
tein(FMR1P) due to expansion and hypermethylation of a CGG
trinucleotide repeat in the 5V UTR region of the Fragile X
gene(fmr1). Fmr1 has two autosomal homologs, fxr1 and fxr2,
which together comprise a family of highly conserved RNA-
binding proteins thought to be involved with mRNA transport and
translation, although their precise function(s) in development have
not been determined. Expression analyses of these three zebrafish
genes have been conducted by this laboratory and others. We have
begun an analysis of the in vivo role of the Fragile X gene family in
early zebrafish development through the use of morpholino(mo)
oligonucleotide knockdowns. We are injecting 1–8 cell stage
zebrafish embryos with mo-derived anti-sense reagents designed
against the translation start sites of the three zebrafish Fragile X-
related genes. Injected embryos are assayed for gross morphologic
defects, as well as changes in organization of the nervous system
through detection of axon tracts with anti-acetylated tubulin
antibody. The well-described development of the early zebrafish
nervous system, along with the ability to study dose-dependent
inactivation of these target sequences individually and in
combination should be powerful tools to help discern the in vivo
function(s) of the Fragile X gene family in development.
doi:10.1016/j.ydbio.2006.04.079
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An undergraduate research module that emphasizes
transcription regulation during development
Paul Beach, Wendy Simanton, Molly Duman-Scheel
Albion College, Albion, MI, USA
We have included a research-based module in our upper-level
developmental biology course at Albion College that aims to
provide students with a better understanding of transcription
regulation during development. The focus of this exercise which
spans several weeks of the course is an analysis of the ability of
Hedgehog signaling to promote transcription of Cyclin E in
Drosophila. In this exercise, students first use freeware to search the
Cyclin E enhancer for potential Cubitus interuptus (Ci) binding
sites. Based on their analysis, theymake hypotheses concerning the
ability of Ci to regulate Cyclin E expression and the potential
impact of ectopic Ci expression onCyclin E transcription. They use
the Gal4–UAS system to induce ectopic expression of Ci in the
developing Drosophila wing disc and fix wing imaginal discs.
Students then use in situ hybridization to detect Cyclin E expression
and test their hypotheses. Finally, their results, which typically
show increased Cyclin E levels, are analyzed and photographed.
Although we initially chose to analyze the ability of Ci to regulate
transcription of Cyclin E, many other genes of choice could be
analyzed. We are exploring new possibilities and believe that this
series of exercises can be easily modified to studymost any gene of
choice. We find that this module promotes better understanding of
transcriptional regulation during development, the relationship
between development and cancer, and knowledge of several
molecular techniques. Data collected by students and our
assessment of this exercise will be presented.
doi:10.1016/j.ydbio.2006.04.080
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Stem cell research: An opportunity to engage students in
interdisciplinary learning
Joyce J. Fernandes
Miami University, Oxford, OH, USA
To fulfill the liberal arts requirements of a senior seminar
on Contemporary Issues, the topic of Stem Cell Research was
chosen. Students included majors, as well as non-majors who
had taken a 3-course thematic sequence in the biological
sciences. The goal of the course was to provide students with
a deeper understanding of the scientific issues as well as to
examine in significant depth the ethical considerations, policy
issues and funding sources that together shape the future of
stem cell research. Faculty members from Philosophy,
Economics and Political Science participated in the course.
Students were guided through a series of formal and informal
writing assignments to practice critical thinking skills and to
demonstrate their critical analysis of various viewpoints in the
stem cell debate. The organization of this course will be
discussed. In addition, the results of an assessment to judge
the effectiveness of writing assignments in meeting the
objectives of the course will be presented.
doi:10.1016/j.ydbio.2006.04.081
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Interaction between Smad2 and retinoid signaling
Maria H. Festing, Kara Keplinger, Michael B. Weinstein
The Ohio State University, Columbus, OH, USA
Holoprosencephaly (HPE) comprises a spectrum of cranio-
facial midline defects. These phenotypes occur in 1:250
conceptions, 1:1600 live births. Many candidate factors have
been identified that result in HPE in humans and animals,
which includes alcohol, retinoic acid, and 12. Seven of these 12
loci have been identified, and includes Tgif. Tgif has been
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reported to participate in both the retinoid signaling pathway
and the transforming growth factor-beta (TGF-beta) pathway.
Smad2 is a intracellular mediator of the TGF-beta signaling
cascade, regulating gene transcription. Depending upon the co-
activator, Smad2 can function as either an enhancer or
repressor. Research has indicated that mice harboring Tgif
mutations are more susceptible to teratogenesis induced by
exogenous all– trans retinoic acid (RA), resulting in HPE and
exencephaly. Smad2 heterozygous embryos are also suscepti-
ble to exogenous RA. In addition, the use of a Smad2
hypomorphic allele reinforces the observation that Smad2 is
involved in susceptibility, as hypomorphic heterozygous are
less susceptible to the effects of RA than hypomorphic
homozygotes. There are many factors involved in retinoid
signaling, including both the retinoid cascade and RA synthesis
and degradation. Analysis of gene transcription to determine
the inherent susceptibility to RA in the Smad2+/ embryos
was undertaken. Results indicate that Adh4 and Cyp26A1 are
affected in early development. When the promoters of these
genes were analyzed, many Smad Binding Elements (SBEs)
were observed, indicating potential interaction of TGF-beta
signaling in the synthesis and degradation of RA.
doi:10.1016/j.ydbio.2006.04.082
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Developmental defects in multiple organ systems in a
mouse model of Cornelia de Lange Syndrome
Shimako Kawauchi 1, Rosaysela Santos 1,
Martha Lopez-Burks 2, Abigail Chua 2, Leonard M. Kitzes 1,
Arthur D. Lander 2, L. Calof 1
1 Department of Anatomy and Neurobiology,
University of California, Irvine, USA
2 Department of Developmental and Cell Biology,
University of California, Irvine, USA
Cornelia de Lange Syndrome (CdLS) is a dominantly- inherited,
multi-system birth defects syndrome with highly variable presen-
tation. Individuals with CdLS have characteristic facial features,
hirsutism, limb defects, heart defects, gastrointestinal system
defects, and growth and cognitive retardation. Recent work has
shown that CdLS is caused by heterozygous mutation of a gene,
NIPBL (Nipped-B like), whose product is involved in regulation of
the cohesin system of chromosomal structural proteins (Krantz et
al., 2003, Nat. Genet. 36:631). We have developed a mouse model
for CdLS, using mice heterozygous for a gene-trap mutation in
Nipbl. Surviving Nipbl+/mice exhibit a number of organ system
defects characteristic of CdLS, including small body and head size,
heart defects, hearing abnormalities, and delayed bone maturation.
Nipbl+/ mice also show a very high incidence (¨75%) of
perinatal mortality, indicating that these animals have other, as yet
undetected, abnormalities. RNase protection assays demonstrate
that the phenotypes of Nipbl+/ mice are associated with a
decrease in Nipbl transcript levels to only ¨75% of wildtype,
implying that these developmental events are extremely sensitive to
small changes in Nipbl function. Supported by seed grants from the
Cornelia de Lange Syndrome Foundation and the Center for
Hearing Research at the University of California, Irvine.
doi:10.1016/j.ydbio.2006.04.083
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Contribution of aberrant placentation to fetal alcohol
syndrome
Garen S. Wolff 1, Po J. Chiang 1, Susan S. Smith 2,
Roberto Romero 3, D. Randall Armant 1
1 Department of OB/GYN, Wayne State University, Detroit,
MI, USA
2 Department of Nutritional Sciences, University of Wisconsin,
Madison, WI, USA
3 Perinatology Research Branch, NICHHD, NIH, DHHS,
Bethesda, MD, USA
The teratogen ethanol causes fetal alcohol syndrome, which
is associated with intrauterine growth retardation (IUGR) and
neurological birth defects. A contributing factor to IUGR is
cytotrophoblast cell (CTC) apoptosis during placentation.
Using a human first trimester CTC line (HTR-8/SVneo), we
examined the relationship between CTC apoptosis and
exposure to ethanol. Exposure for 0–2 h to 0, 25, 50 or 100
mM ethanol demonstrated a significant time-and dose-depen-
dent increase in CTC death measured by TUNEL. Prolifera-
tion (expression of nuclear antigen Ki-67) was also inhibited
by ethanol. Increased externalization of phosphatidyl serine,
the presence of pyknotic, TUNEL-positive nuclei and preven-
tion of cell death by caspase inhibitors suggested that ethanol
caused apoptosis, as opposed to necrosis. Moreover, there was
no evidence of cell rupture and the release of lactate
dehydrogenase. Production of heparin-binding EGF-like
growth factor (HBEGF), which prevents CTC apoptosis due
to low oxygen in the first trimester, increased with exposure to
25–50 mM ethanol. During treatment with 100 mM ethanol, 1
nM HBEGF eliminated cell death and 5 nM restored CTC
proliferation. HBEGF antagonists confirmed its specificity. We
conclude that CTC apoptosis due to maternal alcohol abuse
could cause IUGR; however, ethanol-induced production of
HBEGF could provide an endogenous protective mechanism.
Supported by NIH grants AA12057, AA11085 and AA014535
and the intramural research program of NICHHD.
doi:10.1016/j.ydbio.2006.04.084
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Influence of hormones on growth and differentiation of
cells that do not express neurofibromin
Kate F. Barald, Therese M. Roth, Poornapriya Ramamurthy
University of Michigan Medical School, Department of Cell
and Developmental Biology, Ann Arbor, MI, USA
The tumor suppressor gene, Neurofibromatosis Type 1
(NF1) is responsible for one of the most common autosomal
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